A small molecule that blocks fat synthesis 
SUMMARY
Sterol regulatory element binding proteins (SREBPs) are transcription factors that activate transcription of the genes involved in cholesterol and fatty acid biosynthesis. In the present study, we show that a small synthetic molecule we previously discovered to block adipogenesis is an inhibitor of the SREBP activation. The diarylthiazole derivative, now called fatostatin, impairs the activation process of SREBPs, thereby decreasing the transcription of lipogenic genes in cells. Our analysis suggests that fatostatin inhibits the ER-Golgi translocation of SREBPs through binding to their escort protein, the SREBP cleavage-activating protein (SCAP), at a distinct site from the sterol-binding domain.
Fatostatin blocked increases in body weight, blood glucose, and hepatic fat accumulation in obese ob/ob mice, even under uncontrolled food intake. Fatostatin may serve as a tool for gaining further insights into the regulation of SREBP.
INTRODUCTION
Metabolic syndrome is often ascribed to the long-term intake of excess diets rich in fat or carbohydrates. The amount of fat or carbohydrates in the diets of animals, including humans, contributes significantly to their energy metabolism. Long-chain fatty acids are major sources of energy and important components of the lipids that comprise the cellular membrane (Gibbons, 2003) . They are either derived from food or synthesized de novo from acetyl-CoA through complex sets of enzymatic reactions namely, lipogenesisthat involve the conversion of glucose into acylglycerides (Gibbons, 2003; Wakil, 1989) . These reactions include glycolysis and the citric acid cycle, which collectively lead to the formation of the backbone carbons of fatty acids and glycerols for the synthesis of lipids.
Transcription factors SREBP-1a, SREBP-1c, and SREBP-2 are major regulators of genes encoding enzymes in lipogenic pathways (Brown and Goldstein, 1997; Osborne, 
Fatostatin blocks proteolytic activation of SREBPs
To confirm that fatostatin acts on the SREBP pathway, the ability of endogenous SREBPs to activate the transcription of an SREBP-responsive reporter gene was measured in Chinese hamster ovary-K1 (CHO-K1) cells in either the presence or the absence of fatostatin. Fatostatin decreased activation of the reporter gene, in which the expression of luciferase is controlled by three repeats of sterol regulatory elements (SREs) (pSRE-Luc, Figure 1D ). We also analyzed the effects of fatostatin on gene activation by an exogenously expressed mature form of SREBP-1 (amino acids 1-436), a constitutively active form of SREBP. Fatostatin had a limited effect on the ability of the mature form of SREBP to activate the reporter gene ( Figure 1E ). Collectively, these results suggest that fatostatin impairs the activation process of SREBPs.
To determine if fatostatin affects the ER-Golgi translocation and proteolytic processing of SREBPs, we used a reporter assay developed by . In this assay a secreted alkaline phosphatase, fused with an SREBP-2 fragment lacking the NH 2 -terminal DNA-binding domain (PLAP-BP2 513-1141 ), permits monitoring of translocation and processing through changes in the fluorescence of a fluorogenic phosphatase substrate ( Figure 1F ). When cells were co-transfected with plasmids encoding PLAP-BP2 513-1141 and SCAP, PLAP phosphatase was secreted and fluorescence signals were generated. Secretion was similarly decreased by the addition of either fatostatin or sterols ( Figure 1F ). The fatostatin-mediated inhibition of SREBP activation was confirmed by western blot analysis of SREBPs. Treatment of the CHO-K1 cells with fatostatin decreased the amount of the 68 KDa mature nuclear active form N of SREBP-2 and increased the amount of the 125 KDa precursor form P of SREBP-2 ( Figure 1G ). Similar results were obtained for SREBP-1; the nuclear active form N is reduced in the presence of fatostatin ( Figure S2 ). These results collectively suggest that fatostatin blocks the activation process of both isoforms of SREBP.
Fatostatin inhibits translocation of SCAP from ER to Golgi apparatus
We hypothesized that fatostatin impairs either the proteolytic cleavage of SREBPs in the Golgi apparatus or the ER-to-Golgi translocation of the SCAP/SREBP complex.
Brefeldin A, a natural product that blocks anterograde movement of proteins from the ER to the Golgi, is known to render SREBPs unresponsive to sterols; it causes SREBPs to be constitutively processed in the ER by relocating S1P from the Golgi to the ER (DeBoseBoyd et al., 1999) . In the presence of brefeldin A, fatostatin like sterols had no impact on the SREBP processing as shown by the formation of the proteolytic products (N) in the CHO-K1 cells (Figure 2A ), suggesting that fatostatin does not block the proteolysis itself.
The translocated SCAP has higher levels of glycosylation, and it is more resistant to endoglycosidase H than ER-bound SCAP. Inhibiting the ER to Golgi translocation of SCAP by sterols increases the sensitivity of SCAP to endoglycosidase H ( Figure 2B ) . To determine whether fatostatin blocks the ER-to-Golgi translocation of the SCAP/SREBP complex, thus increasing SCAP sensitivity to endoglycosidase H, we analyzed the extent of N-linked glycosylation of SCAP in the Golgi apparatus. Cells were grown in the absence or presence of fatostatin or sterols, and membrane fractions were treated successively with trypsin and endoglycosidase H. In cells
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grown without fatostatin and sterols, a tryptic fragment of SCAP was more resistant to endoglycosidase H and had one or two saccharide chains ( Figure 2C, lane 1) . In contrast, when cells were grown in the presence of fatostatin or sterols the SCAP fragment was less resistant to endoglycosidase H and had either zero or one saccharide chain ( Figure 2C , lanes 2 and 3). Therefore fatostatin, like sterols, appears to inhibit the translocation of SCAP from the ER to the Golgi.
Fatostatin interacts with SCAP
Studies of the relationship of structure and activity in fatostatin indicated that this molecule retains or even increases biological activity when its toluene moiety is modified with a variety of alkyl or aryl sulfonamide groups (unpublished data). One fluorescent derivative, dansyl fatostatin ( Figure 3A ), retained the ability to block SREBP activation ( Figure S5 ) and served as a microscopic probe. Confocal microscopic analyses revealed that the localization of dansyl fatostatin overlapped with that of ER-tracker red, a specific marker for ER ( Figure 3B ). In contrast, the control dansyl molecule-which lacked fatostatin-failed to localize to any organelle (data not shown). The selective ER localization implies that fatostatin binds to a protein in the ER; the most likely candidate is SCAP, the target of cholesterol for the control of SREBP (Radhakrishnan et al., 2004) . To test this hypothesis, proteins bound to a fatostatin-polyproline linker-biotin conjugate ( Figure 3A ) (Sato et al., 2007) were purified from cell lysates and analyzed by western blots with antibodies against SCAP, SREBP-1, SREBP-2, and HMG-CoAR, as well as ATF6, an unrelated ER-bound transcription factor (Ye et al., 2000) . The results suggest that
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fatostatin binds directly or indirectly to SCAP ( Figure 3C ). The interaction was impaired by adding excess amounts of fatostatin but not cholesterol ( Figure 3D ). The conjugate 4 that lacks fatostatin failed to bind to SCAP ( Figure 3C ).
In order to examine whether fatostatin interacts with SCAP directly or not, we synthesized a fatostatin derivative coupled with a photo-active diazirine group and a biotin molecule (conjugate 5, Figure 4A ). This fatostatin conjugate is still as active as fatostatin in reporter gene assays ( Figure S5 ) and allows covalent crosslinking of the biotinylated molecule with its target protein upon UV irradiation. FLAG-tagged full-length SCAP protein (amino acids 1-1276) was expressed in human embryonic kidney (HEK) 293T cells and immunopurified with a FLAG antibody. The partially purified SCAP protein was incubated with conjugate 5 and irradiated by UV to allow crosslinking. The western blot analysis of the products using streptavidin-HRP or a FLAG antibody showed a biotinylated protein band whose electrophoretic mobility matches that of full-length SCAP ( Figure 4B ).
Without UV irradiation, this band was undetectable ( Figure S6 ), indicating that the interaction of fatostatin with SCAP is reversible. A FLAG-tagged NH 2 -terminal fragments of SCAP (amino acids 1-415 and 1-448), which include a binding site for sterols, failed to crosslink to fatostatin conjugate 5 ( Figure 4B ). These results suggest that fatostatin directly interacts with SCAP at a site distinct from the sterol-binding domain.
Sterols are known to induce the interaction of SCAP with ER-bound INSIG proteins, thereby inhibiting the exit of SCAP from ER (Yang et al., 2002; Yabe et al., 2002) . To One remaining possibility is that fatostatin may inhibit the interaction of SCAP with SREBPs. We examined if conjugate 5 binds to a COOH-terminal domain of SCAP (amino acids 732-1276) which includes SREBP-binding domain . The results Having established a key role of SREBPs in lipogenesis, we then examined the pharmacological effects of fatostatin on ob/ob mice, a mouse model of obesity with uncontrolled food intake. Fatostatin was delivered intraperitoneally daily for 28 days, and food intake and body weight were monitored. The average daily food intake of the treated mice was not significantly different from that of the controls (5.4  1.5 vs. 5.9  1.4 g/mouse/d, respectively), and no obvious toxicity was observed during the treatment (Figures 6A and 6B) . Following four weeks' treatment with fatostatin, the mice weighed
approximately 12% less than the untreated controls (32.1 + 1.4 and 36.2  2.2 g/mouse, respectively, p = 0.02). One of the most distinct phenotypes in ob/ob mice is hyperglycemia resulting from insulin resistance. Examination of blood constituents ( Figure 6C ) revealed that the average glucose levels of the treated mice was~70% lower than that of the untreated mice (153.2  30.5 vs. 429.4  87 mg/dl, respectively, p = 0.003), which is in the range of normal glucose levels. These results are consistent with the reported role of SREBP-1c in the pathogenesis of hepatic insulin resistance (Ide et al., 2004) .
The serum level of total cholesterol showed a lower trend in fatostatin-treated mice than in the control mice (183 ± 16 vs. 219 ± 18 mg/dl, respectively) (P = 0.06). However, there was a significant decrease of approximately 35% in LDL (31 ± 3 mg/dl vs. 48 ± 8 mg/dl, respectively) and a lesser decrease of approximately 22% in HDL (144 ± 11 mg/dl vs. 183 ± 12 mg/dl, respectively) for the fatostatin-treated mice compared with the control mice. Because there was a greater decrease in the LDL serum levels than in the HDL serum levels of the fatostatin-treated mice, this may be a desirable outcome following treatment with fatostatin. The serum level of TGs increased approximately 30% (115 ± 11 mg/dl vs. 79 ± 12 mg/dl, respectively) in the fatostatin-treated mice compared with the control mice, suggesting that fatostatin increases secretion and mobilization of TG from the liver. The level of VLDL, which transports TGs, phospholipids, and cholesterol-and which is calculated according to TG levels-increased approximately 50% (23.1 ± 2.31 mg/dl vs. 15.8 ± 2.42 mg/dl, respectively) ( Figure 6C ). It should be noted that mice are a poor model to investigate pharmacological effects on cholesterol levels as statins generally are not effective in reducing cholesterol levels in mice.
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The serum level of the non-esterified fatty acids (NEFA) was approximately 70% higher in the fatostatin-treated mice compared with the control mice (1.93 ± 0.261 mEq/l vs. 0.7 ± 0.2 mEq/l, respectively) ( Figure 6C ). This increase in NEFA levels may be caused by increased lipolysis from adipose tissue, in response to an increased demand for fatty acid oxidation. NEFA is known to be associated with insulin resistance in both animals and human. Although the serum levels of NEFA were elevated in the fatostatin-treated mice, the glucose levels were significantly lower than in the control mice, suggesting an improvement in insulin sensitivity. It is interesting that ketone bodies (β-hydroxybutyrate) increased approximately seven fold in the fatostatin-treated mice compared with the control mice (3.62 ± 1.41 mg/dl vs. 0.5 ± 0.37 mg/dl, respectively ( Figure 6C ). The high levels of ketone bodies in the fatostatin-treated mice suggest a significant increase in fatty acid oxidation in the livers. We have also recently shown that increased fatty acid oxidation in liver, adipose, and muscle tissues in acetyl-CoA carboxylase 2 (Acc2 -/-) mutant mice resulted in increased NEFA as well as higher ketone bodies in the blood (Abu-Elheiga et al., 2001; Abu-Elheiga et al., 2003; Oh et al., 2005) .
Another phenotype of ob/ob mice is excessive accumulation of fat in organs, including non-alcoholic fatty liver. Livers in the control ob/ob mice were enlarged, and their pale color was evidence of fat; the livers of the mice treated with fatostatin appeared normal ( Figure 7A ). Livers of the treated mice averaged approximately 32% lower in weight, and fat pads were smaller, than those of the control mice ( Figure 7B ). Oil Red-O section staining showed that the livers of the control mice contained abundant lipid droplets; in contrast, the livers of the treated mice contained lower levels of lipid accumulation ( Figure 7C ). The TG and cholesterol levels in the livers of the treated mice were also reduced ( Figure 7D ). The prevention of fatty liver by fatostatin in ob/ob mice is in agreement with the reported role of SREBP-1 in developing fatty liver: Transgenic mice overexpressing SREBP-1 developed fatty livers , while ob/ob mice lacking SREBP-1 (lep ob/ob X Srebp 1 -/-) had healthy livers (Yahagi et al., 2002) .
The reduction of hepatic fat levels in the fatostatin-treated mice was considered to be due to a decreased hepatic expression of SREBP-responsive lipogenic enzymes.
Therefore, we examined the effects of fatostatin on the hepatic protein levels and enzymatic may directly affect the interaction of SCAP with COPII proteins, which cluster the SCAP-SREBP complex into coated vesicles that exit from the ER and travel to the Golgi . PI3 kinase inhibitors have been shown to inhibit ER-to-Golgi transport of SCAP (Du et al., 2006) . To test whether fatostatin acts through Akt to control SCAP transport, we conducted a western blot analysis with anti-phospho-Akt antibody. Our data suggested that fatostatin has no effect on phosphorylation of AKT (data not shown).
Fatostatin was originally discovered in our laboratory as a small molecule that generates two distinct phenotypes in cultured mammalian cells: inhibition of the insulininduced adipogenesis of 3T3-L1 mouse fibroblast cells; and repression of the serumindependent growth of DU145 human prostate cancer cells. The first phenotype is in complete agreement with our conclusion that fatostatin is a blocker of SREBPs because of the known role of SREBP-1 in lipogenesis. The second effect of fatostatin on the serumindependent growth may also be consistent with the inhibition of SREBPs, because the serum-free medium lacks external fat sources. Without exogenous lipid present in the serum, cells need to synthesize fatty acids and cholesterol, the building blocks of membranes, to maintain the cell growth. To test the importance of lipids in the cell growth, the growth of the SREBP-1 knockdown cells was monitored in a fat free serum medium.
The SREBP-1 silencing impaired the cell growth in a fat-free medium as much as it did in the serum-free IGF1-containing medium ( Figure S8 ). These observations suggest that fatostatin blocks the serum-independent growth of cancer cells through the inhibition of SREBP-1.
To evaluate and validate the effectiveness of fatostatin in vivo, and possibly identify other desirable phenotypes produced by this small molecule, we studied its effect on an ob/ob obese mouse model. An important discovery in the fatostatin treated mice was a reduction of both body weight and blood glucose ( however, that further studies with transgenic animals may be needed to claim that the mechanism of fatostatin in vivo is the same as that in cultured cells.
SIGNIFICANCE
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Fatostatin represents the first non-sterol-like synthetic molecule that inhibits the activation of SREBPs, transcription factors that play central roles in lipogenesis.
Uncontrolled lipogenesis is implicated in a number of metabolic diseases, including diabetes and cardiovascular diseases. Major efforts are being devoted to target different players in the fat metabolism. Fatostatin or its analogs may serve a tool for gaining further insights into the regulation of SREBP and fat metabolism.
EXPERIMENTAL PROCEDURES
Cell culture
CHO-K1 cells were maintained in a Dulbecco's modified Eagle's medium/Ham's F12 medium [1:1] with 5% fetal bovine serum, 100 units/mL penicillin, and 100 μg/mL streptomycin sulfate at 37°C under 5% CO 2 . Human androgen-independent prostate cancer (DU145) cells were maintained in an Eagle's minimum essential medium containing 2 mM L-glutamine, 1.0 mM sodium pyruvate, 0.1 mM nonessential amino acids, and 1.5 g/L sodium biocarbonate with 10% fetal bovine serum, 100 units/mL penicillin, and 100 µg/mL streptomycin sulfate at 37°C under 5% CO 2 . 293T cells were maintained in a Dulbecco's modified Eagle's medium with 10% fetal bovine serum, 100 units/mL penicillin, and 100 μg/mL streptomycin sulfate at 37°C under 5% CO 2
RT-PCR experiments
Total RNA was extracted from DU145 cells in TRI reagent (Molecular Research Center) and isolated with an RNeasy Mini Kit (Qiagen). The RNA sample was subjected to RT-
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PCR by using the Access RT-PCR System (Promega) 
Luciferase reporter assay
On day 0, CHO-K1 cells were plated out onto a 96-well plate in medium A (a 1:1 mixture of Ham's F-12 medium and Dulbecco's modified Eagle's medium, with 5% fetal bovine serum, 100 units/mL penicillin, and 100 μg/mL streptomycin sulfate). On day 2, the cells were transiently co-transfected with pSRE-Luc (an SRE-1-driven luciferase reporter construct) (Hua et al., 1995) and pAc-β-gal (β-gal reporter in which the expression of β-gal is controlled by an actin promoter), using Lipofectamine reagent (Invitrogen). After incubation for 5 hrs the cells were washed with phosphate-buffered saline (PBS) and then incubated, in the absence or presence of fatostatin, in medium B (a 1:1 mixture of Ham's F-12 medium and Dulbecco's modified Eagle's medium, with 5% lipid-depleted serum, 100 units/mL penicillin, 100 μg/mL streptomycin sulfate, 50 M compactin, and 50 M sodium mevalonate). After 20 hrs of incubation the cells in each well were lysed, and aliquots were used to measure luciferase and β-galactosidase activities. Luciferase activity was normalized by the activity of β-galactosidase. For overexpression of the N-terminal matured form of SREBP-1c, pCMV-SREBP-1c(1-436) was co-transfected with pSRE-Luc and pAc-β-gal.
PLAP-BP2 cleavage
On day 0, CHO-K1 cells were plated out onto a 96-well plate in medium A. On day 2, the cells were transiently co-transfected with pCMV-PLAP-BP2(513-1141), pCMV-SCAP and pAc-β-gal, using Lipofectamine reagent (Invitrogen). After incubation for 5 hrs the cells were washed with PBS and then incubated in medium B, in the absence or presence of fatostatin (20 M) or sterols (10 g/mL cholesterol and 1 g/mL 25-hydroxycholesterol).
After 20 hrs of incubation, an aliquot of the medium was assayed for secreted alkaline phosphatase activity. The cells in each well were lysed, and used for measurement of β-galactosidase activities. The alkaline phosphatase activity was normalized by the acitivity of β-galactosidase.
Western blot analysis of SREBP processing
On day 0, CHO-K1 cells were plated out onto a 100 mm dish of medium A. On day 2, the cells were washed with PBS, and then incubated in medium B in the absence or presence of fatostatin. On day 3, the cells were washed once with cold PBS, and then treated with buffer containing 10 mM Tris-HCl, pH 7.6, 100 mM NaCl, 1% (w/v) SDS, and protease inhibitor mixture (1 μg/mL pepstatin A, 10 μg/mL leupeptin, and 200 μM phenylmethylsulfonyl fluoride). The protein concentration of each total cell extract was measured (BCA kit; Pierce), after which a 22-33 μg aliquot of cell extract was mixed with 0.25 volume of buffer (250 mM Tris-HCl, pH 6.8, 10% SDS, 25% glycerol, 0.2% (w/v) bromophenol blue, and 5% (v/v) 2-mercaptoethanol) and heated for 7 min at 95C. The samples were separated on a 10% SDS-PAGE gel and blotted, using mouse monoclonal antibodies against SREBP-2 (IgG-7D4) (Yang et al., 1995) or SREBP-1 (IgG-2A4) (Sato et al., 1994) . The specific bands were visualized using enhanced chemiluminescent (ECL) detection reagents (Amersham).
Preparation of cell membrane fraction
Cells were harvested, and then resuspended in buffer containing 10 mM Hepes-KOH (pH 7.4), 10 mM KCl, 1.5 mM MgCl 2 , and 1 mM sodium EDTA, then passed through a 22-gauge needle and centrifuged at 1,000 × g for 5 min. The postnuclear supernatants were then centrifuged at 10 5  g for 30 min, and the supernatant was removed.
Modification of SCAP oligosaccharides
The membrane fraction of cell lysates was resuspended in 0.1 mL of buffer containing 10 mM Hepes·KOH (pH 7.4), 10 mM KCl, 1.5 mM MgCl 2, 1 mM sodium EDTA, and 100 mM NaCl. Aliquots of protein were then incubated in the absence or presence of 1 µg of trypsin, in a total volume of 58 µL, for 30 min at 30C. Reactions were stopped by the 
Binding assays
The membrane fraction of cell lysates was extracted with PBS containing 0.1% FOSCholine 10 (Hampton Research). The extract was mixed with Neutravidine-agarose beads (10 L) saturated with biotinylated fatostatin, and incubated for 1 hr. The bound proteins were washed four times with PBS containing 0.1% FOS-Choline 10, boiled in 25 L of SDS sample buffer, and subjected to western blotting. For the competition assay, saturated amounts of cholesterol or fatostatin were added to the membrane extract before incubating with the beads.
Photocrosslinking assays
On day 0, 293T cells were plated out onto a 100 mm dish. On day 2, the cells were transiently co-transfected with pCMV-SCAP-FLAG, pCMV-SCAP(1-415)-FLAG, pCMV-SCAP(1-448)-FLAG, pCMV-SCAP(1-767)-FLAG or pCMV-SCAP(732-1276)-FLAG using FuGENE 6 reagent (Roche Applied Science). On day 3, the cells were harvested, and FLAG-tagged full-length SCAP and fragments of SCAP proteins were immunoprecipitated with 20 µg of anti-FLAG IgG-M2 as described below. The pellets were then resuspended 50 M of conjugate 5 in 100 L of Nonidat P-40 lysis buffer, incubated for 0.5 hr, and washed for 0.5 hr with 100 L of Nonidat P-40 lysis buffer. The beads were irradiated using a UV illuminator (UV Transilluminator, UVP) for 10 min (365 nm for 2.5 min then 302 nm for 2.5 min, for a total of two sequences), mixed with 5× SDS loading buffer, and boiled for 5 min. The obtained proteins were subjected to SDS-PAGE and western blot analysis with streptavidin-HRP conjugate and anti-FLAG IgG-M2.
Coimmunoprecipitation of INSIG-1 with SCAP
On day 0, CHO-K1 cells were plated out onto a 100 mm dish of medium A. On day 2, the cells were transiently co-transfected with pTK-HSV-SREBP-2, pCMV-SCAP and pCMV-INSIG-1-Myc (Yang et al., 2002; Yabe et al., 2002) using FuGENE 6 reagent. On day 3, the cells were washed with PBS, and then incubated in medium B in the absence or presence of fatostatin (20 M) or sterols (10 g/mL cholesterol and 1 g/mL 25-hydroxycholesterol). On day 4, the cells were washed once with cold PBS, and then suspended in 1 mL of Nonidat P-40 lysis buffer containing 50 mM Hepes-KOH (pH 7.4), 100 mM NaCl, 1.5 mM MgCl 2 , 0.1% (vol/vol) Nonidet P-40, and protease inhibitor mixture (1 µg/mL pepstatin A, 10 µg/mL leupeptin, and 2 µg/mL aprotinin) in the absence or presence of fatostatin (20 M) or sterols (10 g/mL cholesterol and 1 g/mL 25-hydroxycholesterol). The cells were lysed by passing through a 22-gauge needle 15 times, and extracted for 1 hr at 4°C. The cell extracts were clarified by centrifugation at 10for 30 min. The supernatant was precleared for 1 hr by rotation with 50 µL of Protein GSepharose beads (GE Healthcare UK Ltd.). Precleared lysates were rotated for 16 hrs at 4°C, with 20 µg of monoclonal anti-Myc IgG-9E10 together with 50 µL of protein G Sepharose beads. After centrifugation the pelleted beads were washed for 15 min at 4°C with 1 mL of Nonidat P-40 lysis buffer, in the absence or presence of fatostatin (20 M) or sterols (10 g/mL cholesterol and 1 g/mL 25-hydroxycholesterol) four times. The pellets were then resuspended in 100 µL of buffer containing 10 mM Tris-HCl (pH 7.4), 100 mM NaCl, 1% (wt/vol) SDS, and protease inhibitor mixture (1 µg/mL pepstatin A, 10 µg/mL leupeptin, and 2 µg/mL aprotinin) and mixed with 5× SDS loading buffer containing 150 mM Tris-HCl (pH 6.8), 15% SDS, 25% (vol/vol) glycerol, 0.02% (wt/vol) bromophenol blue, and 12.5% (vol/vol) 2-mercaptoethanol. The pellets were boiled for 5 min, and subjected to SDS-PAGE and western blot analysis with IgG-9D5 (SCAP) and IgG-9E10
(INSIG-1).
Animal studies procedures
Four-to five-week-old homozygous male obese (ob/ob) mice (C57BL/6J, The Jackson Laboratory, Bar Harbor, ME) were housed under controlled conditions (12 hrs light/dark cycle; 25C) in the Animal Care Center at Baylor College of Medicine. Animal experiments were conducted in accordance with the Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1996) . The animals were housed IN) and water for one week after their arrival. On day 1 of the experiment, and every day thereafter, the weight and the amount of food intake of each mouse were measured between 3:00 and 5:00 p.m. The treated mice then received an ip injection of fatostatin (30 mg/kg; 150 L) while the control mice received 10% DMSO in PBS. Daily injections were continued for 28 days, when the study was ended.
Blood constituents
After 28 days, fatostatin mice were fasted for 5-6 hrs, whole blood glucose and β- 
Liver analyses
Mice were sacrificed, and the weights of livers and epididymal fat pads were determined.
Frozen sections of liver slices from individual animals were stained with Oil Red O, to visualize the fat droplet-TGs-as previously described (Abu-Elheiga et al., 2001) . The remaining liver tissues were frozen in liquid nitrogen and kept at -80C for further analyses.
Tissue triglyceride and cholesterol contents
Liver triglyceride and cholesterol contents were determined as described by Chandler et al. (2003) , using a Cholesterol E Kit (Wako) and an Infinity Triglyceride Kit (Thermo Electron, Melbourne, Australia).
Enzymatic activities and western blot analyses
A portion of the frozen liver was ground to powder in liquid nitrogen. The powder was suspended in 10 mL of PBS containing 0.1 mM PMSF, 5 mM benzamidine, and 5 mg/mL protease inhibitor cocktail (Roche), and then homogenized using Polytron (3  30 sec, at high speed) and sonicated briefly to degrade DNA. The extracts were clarified by centrifugation at 16,000  g for 20 min. Protein concentrations in the supernatant were determined, and subjected to western blot analysis using antibodies against FAS, ACC, SCD1 and ACL. The intensities of the specific bands of proteins of interest were scanned and normalized against -actin for quantifications. FAS and ACC activities from the liver extracts were determined as described earlier (Mao et al., 2006) . livers of fatostatin-treated and control ob/ob mice. RNA was isolated from both the fatostatin-treated mice (n = 5) and the control mice (n = 5) and measured by real-time RT-PCR, as described earlier (Oh et al., 2005) . The values were normalized to actin (*P < 0.05). Relative mRNA levels (treated/control)
